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judqw,1 Wkh dxwkruv zrxog olnh wr wkdqn Gruwh Ilojhv/ Fkulvwldq Vfkxow}/ sduwlflsdqwv dw wkh mrlqw
hfrqrplf vhplqdu iru Xssvdod Xqlyhuvlw| dqg wkh R!fh ri Oderxu Pdunhw Surjudp Hydoxdwlrq/
Xssvdod dqg sduwlflsdqwv dw d vhplqdu dw Fhqwuh iru Oderxu Pdunhw dqg Vrfldo Uhvhdufk/ Èukxv1
| Fhqwuh iru Uhvhdufk lq Vrfldo Lqwhjudwlrq dqg Pdujlqdol}dwlrq dqg wkh Gdqlvk Qdwlrqdo
Lqvwlwxwh ri Vrfldo Uhvhdufk/ Khuoxi Wuroohv Jdgh 44/ 4385 Frshqkdjhq N/ H0pdlo dgguhvv=
wliCv1gn/ Skrqh= .78 667; 3<59/ Id{= .78 667; 3;66
} Fhqwuh iru Uhvhdufk lq Vrfldo Lqwhjudwlrq dqg Pdujlqdol}dwlrq dqg Frshqkdjhq Exvlqhvv
Vfkrro/ Ghsduwphqw ri Hfrqrplfv/ Qdqvhqvjdgh 4</ GN04699 Frshqkdjhq N1 H0pdlo dgguhvv=
eo1hfrCfev1gn
Zh dqdo|vh wkh hhfwv dfwlyh oderxu pdunhw surjudpphv +DOPSv, kdyh
rq xqhpsor|phqw lq d xqlrq zdjh0vhwwlqj iudphzrun zkhq vhdufk lv hq0
grjhqrxv1 Zh dvvxph wkdw d xqlrq suhvlghqw/ hohfwhg e| pdmrulw| yrwlqj
ghwhuplqhv wkh zdjh1 Zh dqdo|vh wkh fdvh zkhuh DOPSv lqfuhdvh pdwfk
h!flhqf| ri wkh pdujlqdol}hg zrunhuv/ dqg vkrz wkdw DOPSv pd| lqfuhdvh
xqhpsor|phqw1
MHO Fodvvlfdwlrqv= M97/ M9;/ M741
Nh|zrugv= Hqgrjhqrxv Vhdufk/ Dfwlyh Oderxu Pdunhw Srolf|/ Xqhp0
sor|phqw1
41 Lqwurgxfwlrq
Dffruglqj wr wkh RHFG +4<<6, wkh wudglwlrqdo prwlydwlrq iru dfwlyh oderxu pdu0
nhw surjudpphv +DOPSv, kdv ehhq wr lqfuhdvh wkh h!flhqf| ri vhdufk1 Fhwhulv
sdulexv wklv ohdgv wr kljkhu hpsor|phqw suredelolwlhv dprqj surjudpph sdu0
wlflsdqwv1 Qhyhuwkhohvv/ vhyhudo plfurhfrqrplf lpsdfw hydoxdwlrqv/ vxuyh|hg lq
Pduwlq +4<<;,/ qg wkdw wklv lv qrw xqdpeljxrxvo| wuxh1 Vrph lqyhvwljdwlrqv uh0
sruw lqfuhdvhg hpsor|phqw dprqj surjudpph sduwlflsdqwv/ rwkhuv gr qrw1 Wklv
vxjjhvwv wkdw rwkhu idfwruv wkdq mxvw wkh pdwfk h!flhqf| pdwwhuv iru wkh pdwfklqj
surfhvv dqg khqfh hpsor|phqw fkdqfhv ri surjudpph sduwlflsdqwv1
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Lq wklv sdshu zh dvvxph wkdw wkh pdwfklqj surfhvv ghshqgv xsrq erwk wkh hi0
flhqf| ri vhdufk dqg wkh vhdufk lqwhqvlw| ohyho1 Zh dqdo|vh wkh hhfwv ri DOPSv/
wdnlqj h{solflwo| lqwr dffrxqw wkdw wkh pdwfklqj surfhvv ghshqgv xsrq vhdufk hi0
flhqf| dv zhoo dv wkh hqgrjhqrxv vhdufk ohyho1 Zh srvh wkh iroorzlqj txhvwlrq=
lq wkh fdvh zkhuh surshuo| ghvljqhg DOPSv gr lqfuhdvh wkh h!flhqf| ri vhdufk/4
krz gr zrunhuv uhdfw wr wkdw lq whupv ri vhdufk ehkdylrxuB Vhdufk lqwhqvlw| pd|
ghfuhdvh/ zklfk ohdgv wr dq ryhudoo dpeljxrxv hhfw rq wkh pdwfklqj surfhvv dqg
wkhuhe| dq dpeljxrxv hhfw rq hpsor|phqw fkdqfhv1 Lw lv lpsruwdqw wr qrwh wkdw
wkh dpeljxrxv hpsor|phqw hhfw lv gxh wr wkh hhfw rq wkh hqgrjhqrxv vhdufk
lqwhqvlw| rqo|1 Lq rughu wr irfxv rq wkh lqglylgxdo h!flhqf| ri vhdufk dqg wkh
lpsdfw rq wkh hqgrjhqrxvo| ghwhuplqhg vhdufk lqwhqvlw| rxu prgho lv vlpsolhg1
Zh gr qrw frqvlghu h{ srvw lpsolfdwlrqv ri xqhpsor|phqw dv iru h{dpsoh gxud0
wlrq ghshqghqfh ru wkh lpsdfw ri xqhpsor|phqw ehqhwv1 Zh gr qrw vhsdudwh wkh
zrunhuv lqwr jurxsv ri orqj0whup xqhpsor|hg/ rshqo| vkruw0whup xqhpsor|hg dqg
surjudpph sduwlflsdqwv dqg wkh lpsolhg wudqvlwlrqv ehwzhhq wkh jurxsv1 Wklv
lpsolhv wkdw zh uxoh rxw wkh dpeljxrxv hhfwv rq zdjh0suhvvxuh +Vhh iru h{dpsoh
Fdopiruv dqg Odqj +4<<8,/ dqg Kropoxqg dqg Olqgìq +4<<6,,/ dulvlqj iurp wkh
lpsdfw ri kljkhu xqhpsor|phqw ehqhwv uhfhlyhg e| surjudpph sduwlflsdqwv/ dqg
4Wklv suhfrqglwlrq lv irxqg lq Fdopiruv dqg Odqj +4<<8,1
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wkh hhfwv ri uhgxfhg ulvn ri ehfrplqj orqj0whup xqhpsor|hg1
Wkhuh duh wkuhh pdlq uhdvrqv ri zk| zh fkrrvh wr ljqruh dq| zdjh hhfwv
dqg irfxv rq wkh lqglylgxdo vhdufk hhfwv1 Iluvw/ wkh uhirup lpsohphqwhg lq 4<<7
lq Ghqpdun lqwurgxfhg wkh *uljkw dqg gxw|* frqfhsw/ lpso|lqj wkdw diwhu vrph
wlph dv xqhpsor|hg +ghshqghqw xsrq djh dqg xqhpsor|phqw ehqhw hqwlwohphqw,
hyhu|erg| kdv d uljkw wr eh dfwlydwhg1 Li zrunhuv uhixvh wr sduwlflsdwh/ wkh| duh qr
orqjhu hqwlwohg wr xqhpsor|phqw ehqhwv1 Wkh w|slfdo surjudpph vdodu| lv htxdo
wr xqhpsor|phqw ehqhwv1 Dffruglqj wr wkh Gdqlvk DOPS wkh edvlf sulqflsohv
frqfhuqlqj vdodu| lv uvw/ wkdw dq dfwlydwhg zrunhu uhfhlyhv wkh krxuo| zdjh udwh
ri klv odwhvw uhjxodu mre/ dqg vhfrqg/ wkh wrwdo vdodu| fdqqrw h{fhhg xqhpsor|phqw
ehqhwv1 Wklv lpsolhv wkdw dfwlydwhg zrunhuv kdyh vkruwhu krxuv wkdq uhjxoduo|
hpsor|hg zrunhuv/ dqg lpsolhv wkdw xwlolw| dv dfwlydwhg xqhpsor|hg lv qrw kljkhu
wkdq dv rshqo| xqhpsor|hg1 Khqfh/ DOPS*v gr qrw qhfhvvdu| lqfuhdvh wkh xwlolw|
ri xqhpsor|hg zrunhuv dqg wkhuhe| zdjh0suhvvxuh li wkh| duh surshuo| ghvljqhg1
Vhfrqg/ hpslulfdo hylghqfh vxjjhvwv wkdw lqglylgxdo edfnjurxqg idfwruv khdylo|
lq xhqfh wkh suredelolw| ri hpsor|phqw1 Wkhruhwlfdo dv zhoo dv hpslulfdo dqdo|0
vhv ri xqhpsor|phqw dqg lwv uhphglhv fdq eh jurxshg lqwr wkuhh pdlq fdwhjrulhv
+vhh iru h{dpsoh Shghuvhq ) ZhvwhujŁug0Qlhovhq +4<<6, iru d vxuyh|,1 Wkh uvw
jurxs frqfhuqv gluhfwo| wkh lpsruwdqfh ri lqglylgxdo edfnjurxqg idfwruv iru wkh
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suredelolw| ri ehfrplqj xqhpsor|hg/ ehlqj klw uhshdwhgo| e| xqhpsor|phqw dqg
wkh suredelolw| ri hvfdslqj xqhpsor|phqw1 D qxpehu ri vwxglhv qg fohdu whq0
ghqflhv ri srodulvdwlrq ri lqglylgxdo xqhpsor|phqw1 Iru h{dpsoh d Gdqlvk vwxg|
+Emßuq dqg Shghuvhq/ 4<<5, qg wkdw lqglylgxdo edfnjurxqg idfwruv vxfk dv djh
dqg jhqghu kdyh vljqlfdqw hhfwv rq wkh suredelolw| ri ehlqj dq *lqvlghu* ru *rxw0
vlghu*/ dqg rq wkh wudqvlwlrq ehwzhhq *rxwvlghu* dqg *lqvlghu* srvlwlrqv1 Wkh vhfrqg
jurxs frqfhuqv wkh lqglylgxdo klvwru| ghshqghqfh/ dqg wkh pdmrulw| ri hpslulfdo
vwxglhv frqfhuqv gxudwlrq ghshqghqfh/ l1h1 wkh txhvwlrq ri zkhwkhu wkh wlph vshqw
xqhpsor|hg lq xhqfhv wkh hvfdsh udwh rxw ri xqhpsor|phqw1 Wkh hpslulfdo hyl0
ghqfh rq gxudwlrq ghshqghqfh lv qrw frqfoxvlyh/ exw dv srlqwhg rxw e| Shghuvhq )
ZhvwhujŁug0Qlhovhq +4<<6,= Rq edodqfh/ wkh hylghqfh vhhpv whqwdwlyho| wr srlqw
wr/ 11111/ khwhurjhqhlw| dv dq lpsruwdqw idfwru lq h{sodlqlqj wlph ghshqghqfh lq
hvfdsh udwhv iurp hpsor|phqw1 Wklv lpsolhv wkdw srolf| phdvxuhv vkrxog frq0
fhqwudwh rq jurxsv ri lqglylgxdov zlwk orz dqg srvvleo| gxudwlrq lqghshqghqw/
hvfdsh udwhv1 Rwkhu irupv ri klvwru| ghshqghqfh lqfoxgh odjjhg gxudwlrq dqg
rffxuuhqfh ri xqhpsor|phqw1 Jhqhudoo| wkhuh lv irxqg d yhu| vwurqj klvwru| gh0
shqghqfh/ exw dv zlwk gxudwlrq ghshqghqfh/ wkh dxwkruv qrwh wkdw wklv qglqj
frxog htxdoo| zhoo eh gxh wr khwhurjhqhlw| zkhuh vrph lqglylgxdov duh shupd0
qhqwo| *vruwhg rxw* wr fduu| d khdy| exughq ri xqhpsor|phqw lq d vhtxhqfh ri
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shulrgv zkloh rwkhuv duh shupdqhqwo| lq d vwdwh ri ixoo hpsor|phqw1 Djdlq/ wklv
lpsolhv wkdw srolf| phdvxuhv vkrxog frqfhqwudwh rq jurxsv ri lqglylgxdov zlwk orz
hvfdsh udwhv1 Wkh odvw jurxs frqfhuqv wkh lpsdfw ri xqhpsor|phqw ehqhwv rq wkh
gxudwlrq ri xqhpsor|phqw dqg hvfdsh udwh rxw ri xqhpsor|phqw1 Wkh ohyho dqg
pd{lpxp gxudwlrq ri ehqhwv duh jhqhudoo| irxqg wr kdyh vljqlfdqw hhfwv rqo|
lq X1V1 dqg X1N1 vwxglhv/ zkhuhdv lq frqwlqhqwdo Hxurshdq vwxglhv wkh jhqhudo
qglqj lv lqvljqlfdqw ru yhu| zhdn hhfwv1
Lq oljkw ri wklv hpslulfdo hylghqfh zh fkrrvh/ lq wklv sdshu/ wr frqfhqwudwh rq
wkh lqglylgxdo edfnjurxqg idfwruv lq xhqflqj wkh hvfdsh udwh rxw ri hpsor|phqw/
dqg ljqruh wkh wudqvlwlrq iurp vkruw0whup wr orqj0whup xqhpsor|phqw1 Wr wkdw
hqg/ zh dvvxph wkdw wkh zrunhuv glhu zlwk uhvshfw wr wkhlu lqglylgxdo hpsor|phqw
suredelolwlhv rqo|1 Wkhvh glhuhqfhv duh h{rjhqrxv dqg lqghshqghqw ri fxuuhqw
+xq,hpsor|phqw vwdwxv1
Wkh odvw uhdvrq wr ljqruh zdjh hhfwv frqfhuqv wkh zdjh ghwhuplqdwlrq1 Lq
prvw frxqwulhv zkhuh DOPSv duh lq xvh/ zdjhv duh ghwhuplqhg e| xqlrqv1 Zh
dvvxph wkdw doo zrunhuv duh phpehuv ri d wudgh xqlrq1 Hyhq wkrxjk wkh zrunhuv
kdyh glhuhqw suhihuhqfhv/ gxh wr wkhlu glhuhqw hpsor|phqw suredelolwlhv/ wkh|
hqjdjh lq froohfwlyh edujdlqlqj dqg duh sdlg wkh vdph zdjh1 Xvxdoo| xqlrqv duh
dvvxphg wr eh xwlolwduldq lpso|lqj wkdw wkh xqlrq ohdghu dfwv xsrq wkh lqwhuhvwv
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ri doo phpehuv1 Exw uhfrjql}lqj wkdw xqlrq ohdghuv duh hohfwhg +vhh iru h{dpsoh
Ndxipdq 5333/ Vdqgyhu dqg Uhdg| 4<<; dqg Fodun dqg Jloehuw 4<<;, dqg dv0
vxplqj wkdw doo xqlrq ohdghuv fduh derxw lv wr eh uhhohfwhg lpsolhv wkdw wkh xqlrq
ohdghu dfwv xsrq wkh lqwhuhvwv ri wkh pdmrulw|1 Iduehu 4<:; dqg Eodlu dqg Fudzirug
4<;7 glvfxvv wkh sureohp ri ghqlqj wkh xqlrq*v remhfwlyh ixqfwlrq zkhq d xqlrq
ohdghu lv hohfwhg e| pdmrulw| yrwlqj1 Lq wklv sdshu/ zh iroorz Iduehu e| frqvlghu0
lqj d prqrsro| xqlrq/ lq rughu wr vlpsoli| zkloh lqwurgxflqj hqgrjhqrxv vhdufk1
Khqfh/ d xqlrq ohdghu lv hohfwhg e| d pdmrulw| yrwlqj uxoh dqg wkh suhihuhqfhv ri
wkh pdmrulw| ghwhuplqh wkh xqlrq zdjh1 Dv phqwlrqhg zh glylgh wkh zrunhuv lqwr
wzr jurxsv dffruglqj wr wkh suredelolw| ri hvfdslqj xqhpsor|phqw1 Rqh jurxs
ri zrunhuv kdv d kljk hvfdsh udwh rxw ri xqhpsor|phqw1 Wklv jurxs lv wkh yhu|
vkruw0whup xqhpsor|hg/ wkh| qhyhu h{shulhqfh xqhpsor|phqw orqj hqrxjk wr eh0
frph holjleoh iru DOPS1 Wkh rwkhu jurxs frqvlvwv ri zrunhuv zkr kdyh d orzhu
hvfdsh udwh rxw ri xqhpsor|phqw1 Rq dyhudjh wkh| vwd| xqhpsor|hg orqj hqrxjk
wr ehfrph holjleoh iru DOPS1
Lw lv uhdvrqdeo| wr dvvxph wkdw wkh jurxs ri zrunhuv zlwk kljk hvfdsh udwhv
rxw ri xqhpsor|phqw frqvwlwxwh wkh pdmrulw| ri wkh xqlrq phpehuv1 Wkh Gdq0
lvk Vrfldo Frpplvvlrq +4<<5, dqg Fdkx}df hw1 do +4<<5, qg wkdw wkh qxpehu
ri lqglylgxdov zkr duh ixoo| hpsor|hg gxulqj d |hdu dqg wkrvh uhfhlylqj xqhp0
:
sor|phqw ru rwkhu irupv ri zhoiduh ehqhwv gxulqj wkh zkroh |hdu erwk lqfuhdvhg
gxulqj wkh odwh hljkwlhv/ zkloh wkh lqwhuphgldwh jurxs zdv uhgxfhg lq qxpehuv1
Wkh Gdqlvk Vrfldo Frpplvvlrq uhsruwv wkdw lq Ghqpdun lq 4<<4/ wkrvh zlwk rqo|
ihz dqg vkruw shulrgv ri xqhpsor|phqw frqvwlwxwh :8 shufhqw ri wkh zrunirufh
dqg dprqj wkh xqhpsor|hg rqh wklug kdv vshqw pruh wkdq d |hdu xqhpsor|hg1
Lq wklv sdshu/ zh rqo| glylgh zrunhuv lqwr wzr jurxsv/ hyhq wkrxjk lw suredeo|
zrxog kdyh ehhq pruh uhdolvwlf wr glylgh zrunhuv lqwr wkuhh jurxsv/ wkrvh hp0
sor|hg prvw ri wkh wlph/ wkh orqj0whup xqhpsor|hg dqg dq lqwhuphgldwh jurxs1
Krzhyhu/ rxu uhvxowv zloo qrw ghshqg xsrq wkh qxpehu ri zrunhu jurxsv1 Dv orqj
dv wkh pdmrulw| ri zrunhuv duh wkrvh hpsor|hg prvw ri wkh wlph/ zh jhw wkh vdph
uhvxowv zlwk ru zlwkrxw d jurxs ri orqj0whup xqhpsor|hg zrunhuv1 Ixuwkhupruh/
lw fdq eh dujxhg wkdw zrunhuv zkr kdyh ehhq xqhpsor|hg iru pruh wkdq d |hdu
orvh wkhlu dwwdfkphqw wr wkh xqlrq1 Khqfh/ wr vlpsoli| zh rqo| glylgh wkh zrunhuv
lqwr wzr jurxsv1
Zh frqvlghu dq hfrqrp| zkhuh upv duh krprjhqrxv dqg vxemhfw wr plvpdwfk/
zklfk ohdyhv vrph ri wkhlu ydfdqflhv xqoohg1 D zrunhu fdq qhyhu eh devroxwho|
vxuh ri nhhslqj klv suhvhqw mre dqg xqhpsor|hg zrunhuv gr kdyh d srvlwlyh hpsor|0
phqw suredelolw|1 Zkhq frqvlghulqj xqhpsor|phqw zh qhhg d  rz htxloleulxp
prgho dfnqrzohgjlqj wkh frqwlqxlqj  rzv ehwzhhq xqhpsor|phqw dqg hpsor|0
;
phqw frqvwlwxwlqj wkh htxloleulxp xqhpsor|phqw udwh1 Wkh jurxs ri kljk vhdufk
h!flhqf| zrunhuv kdv d wljkwhu frqqhfwlrq wr wkh oderxu pdunhw frpsduhg wr wkh
jurxs ri orz vhdufk h!flhqf| zrunhuv dv wkhlu wudqvlwlrq udwh iurp xqhpsor|phqw
wr hpsor|phqw lv kljkhu= wkh kljk h!flhqf| zrunhuv h{shulhqfh d orzhu udwh ri
xqhpsor|phqw1 Wklv fruuhvsrqgv wr wkdw wkh jurxs ri kljk h!flhqf| zrunhuv
kdv d kljkhu hpsor|phqw suredelolw| gxulqj d zrunlqj olih1 Zh wkhuhiruh ghqrwh
wkh jurxs ri zrunhuv zlwk d kljk vhdufk h!flhqf| wkh  rz0prgho lqvlghuv +IP0
lqvlghuv, dqg wkh rwkhu jurxs wkh  rz0prgho rxwvlghuv +IP0rxwvlghuv,/ zklfk lv
d jhqhudolvdwlrq ri wkh ghqlwlrq lq wkh wudglwlrqdo lqvlghu0rxwvlghu wkhru| +Olqg0
ehfn dqg Vqrzhu 4<;9,1 IP0lqvlghuv kdyh d kljkhu hpsor|phqw suredelolw| wkdq
IP0rxwvlghuv/ exw wkh| gr wdnh lqwr dffrxqw wkh ulvn ri ehfrplqj xqhpsor|hg1
Lq rxu prgho/ vhdufk lqwhqvlw| lv hqgrjhqrxv1 Dv phqwlrqhg/ zh dvvxph wkdw
zdjhv duh ghwhuplqhg e| d prqrsro| xqlrq1 D xqlrq ohdghu lv hohfwhg e| d pdmru0
lw| yrwlqj uxoh/ khqfh wkh suhihuhqfhv ri wkh pdmrulw| ghwhuplqhv wkh zdjh/ wdnlqj
lqwr frqvlghudwlrq wkh hhfw zdjhv kdyh rq vhdufk dqg wkh uhvsrqvh iurp upv*
ydfdqf| vxsso|1 Zh dvvxph wkdw rqo| d plqrulw| ri zrunhuv/ wkh IP0rxwvlghuv/
duh holjleoh iru DOPSv dqg wkdw DOPSv lqfuhdvh wkh h!flhqf| ri vhdufk1 Wkh
uhvsrqvh iurp zrunhuv wr lqfuhdvhg vhdufk h!flhqf| fdq eh hlwkhu wr lqfuhdvh ru
wr ghfuhdvh wkhlu vhdufk lqwhqvlw|1 Zkhq vhdufk uhvsrqgv srvlwlyho| wr lqfuhdvhg
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vhdufk h!flhqf|/ xqhpsor|phqw xqdpeljxrxvo| ghfuhdvhv1 Krzhyhu/ li vhdufk
lqwhqvlw| ghfuhdvhv gxh wr wkh lqfuhdvhg h!flhqf|/ wkh ryhudoo hhfw rq xqhpsor|0
phqw lv dpeljxrxv1 Qrwh wkdw wkh xqlrq zdjh lv qrw dhfwhg e| DOPS dv wkh
frqglwlrqv ri wkh pdmrulw| ri zrunhuv gr qrw fkdqjh1 Li/ krzhyhu/ doo zrunhuv zhuh
wr sduwlflsdwh lq DOPSv/ wkh zdjh zrxog lqfuhdvh li wkh vhdufk uhvsrqvh lv qhj0
dwlyh/ dgglqj wr wkh qhjdwlyh hhfw rq xqhpsor|phqw1 Li wkh vhdufk uhvsrqvh lv
srvlwlyh/ wkh zdjh hhfw zrxog eh dpeljxrxv1
51 Wkh Prgho5
Frqvlghu dq hfrqrp| frqvlvwlqj ri pdq| krprjhqrxv upv dqg rqh prqrsro|
wudgh xqlrq rujdql}lqj doo hpsor|hg zrunhuv1 Wkh zrunhuv hohfw d xqlrq ohdghu e|
d pdmrulw| yrwlqj uxoh dqg wkh xqlrq ohdghu ghwhuplqhv zdjhv rq wkhlu ehkdoi1
Zrunhuv duh khwhurjhqhrxv/ wkh| kdyh glhuhqw vhdufk h!flhqf|1 Iru vlpsolf0
lw|/ zh rqo| frqvlghu wzr jurxsv ri zrunhuv1 Wkh jurxs ri zrunhuv zlwk wkh kljk
vhdufk h!flhqf| zh ghqrwh wkh IP0lqvlghuv/ dv wkh| duh pruh riwhq hpsor|hg
gxulqj wkhlu zrunlqj olih wkdq wkh rwkhu jurxs/ wkh IP0rxwvlghuv1 Rqo| wkh xqhp0
sor|hg zrunhuv vhdufk iru d mre1 Xqhpsor|hg zrunhuv fkrrvh krz pxfk wr vhdufk
5Wkh prgho lv vlplodu wr Slvvdulghv <31 Iru d pruh ghwdlohg ghvfulswlrq ri wkh prgho vhh
Ilojhv dqg Oduvhq 4<<;1
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dffruglqj wr wkhlu h{shfwhg olihwlph xwlolw| ixqfwlrq1
Lq wklv vhfwlrq zh ghvfuleh wkh prgho dqg lq wkh qh{w vhfwlrq zh ghulyh wkh
htxloleulxp zdjh dqg vhdufk lqwhqvlwlhv1
5141 Zrunhuv* Ydoxh Ixqfwlrqv
Ohw K. dqg K
L
 ghqrwh wkh h{shfwhg suhvhqw ydoxhv ri olihwlph xwlolwlhv ri ehlqj hp0
sor|hg dqg xqhpsor|hg/ uhvshfwlyho|1 Vxevfulsw  ’ Mcu ghqrwhv kljk vhdufk h!0
flhqf| zrunhuv/Mc dqg orz vhdufk h!flhqf| zrunhuv/ u1 Shghuvhq dqgZhvwhujŁug0
Qlhovhq +4<<6, qg lq wkhlu vxuyh| wkdw lqglylgxdo fkdudfwhulvwlfv vxfk dv djh dqg
jhqghu lq xhqfh wkh suredelolw| ri ehlqj hpsor|hg1 Khqfh/ wkh hylghqfh vkrzv
wkdw h{rjhqrxv lqglylgxdo edfnjurxqg idfwruv lq xhqfh wkh suredelolw| ri ehlqj
hpsor|hg1 Lq wklv sdshu zh dvvxph wkdw kljk dqg orz vhdufk h!flhqf| zrunhuv
kdyh wkh vdph surgxfwlylw| dqg khqfh uhfhlyh wkh vdph zdjh16 Zh gr qrw frqvlghu
gxudwlrq ghshqghqw hpsor|phqw suredelolwlhv1 Zrunhuv rqo| glhu zlwk uhvshfw wr
wkhlu h!flhqf| ri vhdufk/ zklfk lv lqghshqghqw ri fxuuhqw +xq,hpsor|phqw vwdwxv1
Zh wkhq kdyh=
6Vhh Oduvhq +5333, iru dq dqdo|vlv zkhuh zrunhuv ulvn d orvv ri vnloo zkloh xqhpsor|hg1 Khqfh/
vrph zrunhuv ehfrph ohvv surgxfwlyh dqg ohvv dwwudfwlyh iru wkh upv/ lpso|lqj wkh| uhfhlyh orzhu
zdjhv wkdq wkh zrunhuv zkr kdyh qrw orvw vrph ri wkhlu vnloov1
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BK. ’  n ^EK
L
  K. c  ’ Mcu +514,
BKL ’ K Sr n REK.  KL c  ’ Mcu +515,
zkhuh K lv wkh xqhpsor|phqw lqvxudqfh/  lv wkh zdjh udwh/ B lv wkh glvfrxqw
udwh dqg ^ lv dq h{rjhqrxv iudfwlrq ri fxuuhqwo| hpsor|hg zrunhuv ohdylqj wkhlu
mrev1 Vhdufk lqwhqvlw| lv ghqrwhg e| r/ S lv wkh pdujlqdo frvw ri vhdufk dqg
R lv d zrunhu*v wudqvlwlrq udwh iurp xqhpsor|phqw lqwr hpsor|phqw1 Rqo| wkh
xqhpsor|hg zrunhuv vhdufk iru d mre1 Htxdwlrq +514, vwdwhv wkdw wkh xwlolw| vwuhdp
ri ehlqj hpsor|hg htxdov wkh zdjh ohyho soxv wkh suredelolw| ri jhwwlqj vhsdudwhg
iurp d mre wlphv wkh fkdqjh lq olihwlph xwlolw|1 Zkloh xqhpsor|hg/ wkh zrunhu
uhfhlyhv xqhpsor|phqw lqvxudqfh dqg sd|v d vhdufk frvw jlyhq e| Sr1
Zh ghqh wkh vwhdg| vwdwh olihwlph xwlolw|  rz ri dq +xq,hpsor|hg zrunhu dv
~6 ’ BK
6
 c 6 ’ Lc.c jlylqj=
~. ’
EB n R n ^EK Sr
B n R n ^
c ~L ’
R n EB n ^EK Sr
B n R n ^
c  ’ Mcu +516,
Wkh xwlolw|  rz lv d zhljkwhg dyhudjh ri hpsor|phqw dqg ri xqhpsor|phqw
jlyhq wkh zrunhu*v fxuuhqw hpsor|phqw vwdwxv1
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5151 Pdwfklqj dqg Xqhpsor|phqw
Wkh zrun irufh lv glylghg lqwr wzr jurxsv zkr glhu lq rqh uhvshfw rqo|1 Rqh
jurxs/ M/ kdv d kljkhu wudqvlwlrq udwh/ RM / wkdq wkh rwkhu jurxs/ u/ zklfk kdv
wudqvlwlrq udwh Ru1 Qrwh wkdw wkh h{ dqwh glhuhqfhv lq wudqvlwlrq udwhv duh gxh
wr h{rjhqrxv lqglylgxdo edfnjurxqg idfwruv wkdw lq xhqfh wkh h!flhqf| ri vhdufk
lqghshqghqw ri xqhpsor|phqw gxudwlrq1 Zh qrupdol}h wkh oderxu irufh wr rqh1
Wkh qxpehu ri zrunhuv zlwk wkh kljk wudqvlwlrq udwh lv jlyhq e| \ dqg wkh qxpehu
ri zrunhuv zlwk wkh orz wudqvlwlrq udwh lv \1 Lq d vwhdg| vwdwh/ xqhpsor|phqw
iru jurxs McLM c lv ghwhuplqhg e|=
^E\ LM ’ RMLM 1 +517,
Wkh lq rz lqwr xqhpsor|phqw/ wkh ohiw kdqg vlgh/ lv htxdo wr wkh rxw rz iurp
xqhpsor|phqw/ wkh uljkw kdqg vlgh1 Htxdwlrq +517, uhgxfhv wr=
LM ’
^
^ n RM
\
Vlploduo|/ xqhpsor|phqw iru wkh u jurxs lv ghwhuplqhg e|=
Lu ’
^
^ n Ru
E \
Wkh wrwdo udwh ri xqhpsor|phqw lv wkhuhiruh=
L ’
^
^ n RM
\ n
^
^ n Ru
E \
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Xqhpsor|phqw lv lqfuhdvlqj lq wkh vhsdudwlrq udwhv dqg ghfuhdvlqj lq wkh wudq0
vlwlrq udwhv1
Wkh lqglylgxdo wudqvlwlrq udwh/ R/  ’ Mcuc ghshqgv erwk rq wkh lqglylgxdo
vhdufk h!flhqf| ixqfwlrq/ sEec rc dqg rq oderxu pdunhw wljkwqhvv/ w=
REec rc w ’ s
Eec r
s
wc w ’
T
8L
/  ’ Mcuc +518,
zkhuh r lv vhdufk lqwhqvlw| ri d zrunhu lq jurxs / dqg e lv d phdvxuh ri h!flhqf|
ri d zrunhu lq jurxs 1
Oderxu pdunhw wljkwqhvv phdvxuhv krz wljkw wkh oderxu pdunhw lv lq whupv ri
ydfdqw mrev/ T / uhodwlyho| wr xqhpsor|phqw/ Lc lq h!flhqf| whupv/ 8L 1 8 lv wkh
dyhudjh pdwfk h!flhqf| ixqfwlrq=
8 ’
LM
L
sMEeM c rM n
Lu
L
suEeuc ru +519,
Wkh lqglylgxdo zrunhu lv dwrplvwlf dqg wkhuhiruh shufhlyhv oderxu pdunhw wljkw0
qhvv/ wc dv d frqvwdqw1
Wkh lqglylgxdo h!flhqf| ixqfwlrq s Eec r lv ghqhg lq wkh grpdlq r 5 dfc o c
e 5 dfc4o  Zh rqo| frqvlghu vlwxdwlrqv zkhuh kljkhu h!flhqf| lpsolhv d kljkhu
wudqvlwlrq udwh= eM : eu , RM : Ru1 Zrunhu  rzv duh looxvwudwhg lq Iljxuh 5141
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Iljxuh 514= Zrunhu Iorzv
Wkh vhdufk h!flhqf| ixqfwlrq/ s Eec rc ixooov wkh iroorzlqj uhvwulfwlrqv=
Ys 
Ye
: fc
Ys 
Yr
 fc Y
2s 
YrYr
	 fc
Ys Eec f
Yr
: fc s Eec f ’ f +51:,
Wkh ixqfwlrq lv hyhu|zkhuh vwulfwo| frqfdyh lq r dqg lqfuhdvhv zlwk pdwfk
h!flhqf|1 Qrwh wkdw wkh wudqvlwlrq udwh/ REec rc w lv d olqhdu wudqvirupdwlrq
ri wkh vhdufk h!flhqf| ixqfwlrq/ s Eec rc dqg ixooov doo wkh uhvwulfwlrqv jlyhq lq
+51:,1 Ixuwkhupruh/ zkhq rM dqg ru duh erwk htxdo wr }hur/ wkh zrunhuv* wudqvlwlrq
udwhv duh }hur dqg xqhpsor|phqw lv htxdo wr rqh1
Wkh qxpehu ri pdwfkhv iruphg lq wkh hfrqrp|/ %/ lv jlyhq e| wkh pdwfklqj
ixqfwlrq=
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%ETc 8L ’
s
T
s
8L +51;,
Wkh qxpehu ri pdwfkhv kdv srvlwlyh uvw rughu ghulydwlyhv lq 8L dqg T / qhjd0
wlyh vhfrqg rughu ghulydwlyhv/ srvlwlyh furvv sduwldo ghulydwlyhv dqg lv krprjhqrxv
ri ghjuhh rqh lq 8L dqg T 1 Slvvdulghv ;9 dqg Eodqfkdug dqg Gldprqg ;< surylgh
hpslulfdo mxvwlfdwlrq iru wkh Free0Grxjodv pdwfklqj ixqfwlrq zlwk htxdo h{sr0
qhqwv1 Wkh wudqvlwlrq udwh lv fkrvhq vr lw lpsolhv wkh sduwlfxodu pdwfklqj ixqfwlrq
jlyhq lq +51;,1
5161 Hpsor|phqw Glvwulexwlrq
Wkh udwhv ri jurxs u dqg jurxs M hpsor|hg zrunhuv uhodwlyho| wr wkh wrwdo udwh
ri hpsor|phqw duh ghqrwhg e| # dqg  #c uhvshfwlyho|=
# ’
.u
.
’

 n \
3\
RM*E^nRM
Ru*E^nRu
c  # ’ .M
.
’

 n 3\
\
Ru*E^nRu
RM*E^nRM

Iru \  *2 zh kdyh # 	 *2= wkhuh duh uhodwlyho| pruh kljk h!flhqf| hp0
sor|hg zrunhuv +wkh zrunhuv zlwk wkh kljk wudqvlwlrq udwh,/ wkdq hpsor|hg orz
h!flhqf| zrunhuv1 Wkh jurxs ri zrunhuv zlwk wkh orz wudqvlwlrq udwh h{shulhqfhv
d orzhu hpsor|phqw suredelolw|/ Ru
^nRu
wkdq wkh jurxs zlwk wkh kljk wudqvlwlrq
udwh1 Wkh u jurxs ri zrunhuv duh ohvv hpsor|hg gxulqj wkhlu zrunlqj olih wkdq wkh
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M jurxs ri zrunhuv1 Zh wkhuhiruh frqvlghu wkh orz h!flhqf| jurxs ri zrunhuv
dv ehlqj wkh IP0rxwvlghuv dqg wkh kljk h!flhqf| jurxs ri zrunhuv dv ehlqj wkh
IP0lqvlghuv1 Qrwh wkdw hyhq lq wkh fdvh zkhuh wkh wzr jurxsv duh ri htxdo vl}h/
\ ’ *2/ wkh IP0lqvlghuv frqvwlwxwh wkh pdmrulw| ri wkh hpsor|hg zrunhuv1 Zh
fkrrvh/ krzhyhu/ wr frqvlghu wkh pruh uhdolvwlf fdvh +f1l1i1 wkh lqwurgxfwlrq, zkhuh
\ : *21
5171 Ilupv
Ilupv vxsso| mrev ghshqghqw xsrq wkh zdjh dqg wkhlu klulqj frvwv1 Ilupv vxsso|
rqh mre hdfk dqg kluh erwk orz vhdufk h!flhqf| dqg kljk vhdufk h!flhqf| zrunhuv
dv wkh| kdyh wkh vdph surgxfwlylw|1 Ohw + eh wkh pdujlqdo surgxfw ri d zrunhu1
Wkh h{shfwhg suhvhqw ydoxhv ri d oohg mre/ Ka c dqg ri d ydfdqw mre/ KT / duh
ghwhuplqhg e| wkh htxdwlrqv=
BKa ’ +   n ^EKT  Kac +51<,
BKT ’
s
w
EKa  KT  &c +5143,
zkhuh I
w
lv wkh up*v wudqvlwlrq udwh/ l1h1 wkh qxpehu ri pdwfkhv jlyhq lq +51;,
glylghg e| wkh qxpehu ri ydfdqflhv1 Wkh gluhfw frvwv dvvrfldwhg zlwk mre vxsso|
duh jlyhq e| &1 Iuhh hqwu| lpsolhv wkdw mrev duh vxssolhg dv orqj dv lw lv surwdeoh/
4:
l1h1 xqwlo KT ’ f Xvlqj wklv frqglwlrq dqg frpelqlqj htxdwlrqv +51<, dqg +5143,
jlyh dq htxdwlrq wr ghwhuplqh oderxu pdunhw wljkwqhvv=
wE ’

E+  
&E^ n B
2
 +5144,
Oderxu pdunhw wljkwqhvv ghshqgv qhjdwlyho| rq zdjhv= w 	 f1
61 Hqgrjhqrxv Vhdufk
Lq wklv vhfwlrq zh ghulyh wkh htxloleulxp zdjh dqg vhdufk lqwhqvlwlhv1 Lq wkh qh{w
vhfwlrq zh dqdo|vh zkdw kdsshqv zkhq wkh vhdufk h!flhqf| ri wkh IP0rxwvlghuv
lqfuhdvh gxh wr DOPSv1
Wkh rswlpdo vhdufk lqwhqvlw| ri dq lqglylgxdo zrunhu lv ghwhuplqhg vxfk wkdw
lw pd{lpl}hv wkh h{shfwhg xwlolw| zkhq xqhpsor|hg/ wdnlqj dv jlyhq wkh zdjh
dqg oderxu pdunhw wljkwqhvv1 Khqfh/ vhdufk lqwhqvlw| lv irxqg e| vroylqj wkh
pd{lpl}dwlrq sureohp=
4@ 
r

REec rc w n EB n ^EK Sr
B n REec rc w n ^

/  ’ Mcuc +614,
zklfk jlyhv wkh uvw rughu frqglwlrq wr ghwhuplqh vhdufk lqwhqvlw|=
4;
YREec rc w*Yr
EB n ^ n REec rc w
E  Kn Sr S ’ f/  ’ Mcu +615,
Wkh vhfrqg rughu frqglwlrq lv ixooohg jlyhq wkh uhvwulfwlrqv rq wkh h!flhqf|
ixqfwlrq lq +51:,1 Wkh rswlpdo vhdufk lqwhqvlw| htxdwhv wkh pdujlqdo jdlq iurp
vhdufk wr wkh pdujlqdo vhdufk frvwv1 Wkh pdujlqdo vhdufk frvw lv frqvwdqw/ wkxv
IP0lqvlghuv kdyh dq lqfhqwlyh wr vhdufk pruh +ohvv, wkdq IP0rxwvlghuv li wkhlu
pdujlqdo jdlq iurp vhdufk lv kljkhu +orzhu,1
Qrwh wkdw htxdwlrq +615, lpsolflwo| ghwhuplqhv wkh rswlpdo vhdufk lqwhqvlw| dv
d ixqfwlrq ri h!flhqf| dqg wkh zdjh=
rW ’ r
W
 Eec /  ’ Mcu +616,
Zdjhv duh ghwhuplqhg e| wkh prqrsro| xqlrq1 Wkh xqlrq phpehuv hohfw d
xqlrq ohdghu gluhfwo| e| pdmrulw| yrwlqj1 Wkh hohfwhg xqlrq ohdghu wkhq ghwhuplqhv
wkh zdjh ohyho1 Wkh xqlrq ohdghu lv rqo| frqfhuqhg derxw ehlqj uhhohfwhg/ wkxv
kh fkrrvhv d zdjh ohyho wkdw pd{lpl}hv wkh xwlolw| ri wkh pdmrulw|/ wdnlqj lqwr
dffrxqw wkdw wkh zdjh dhfwv wkh rswlpdo vhdufk lqwhqvlw|1 Dv vkrzq deryh wkh
IP0lqvlghuv frqvwlwxwh wkh pdmrulw| dprqj wkh hpsor|hg zrunhuv1 Wkh xqlrq
zdjh wkxv vroyhv wkh pd{lpl}dwlrq sureohp=
4<
4@ 

~.M ’
EB n RMEeM c r
W
M c w n ^EK SrWM
B n RMEeM c rWM c w n ^
+617,
r|
wE ’

E+  
&E^ n B
2
c rWM ’ r
W
MEeM c c
zklfk kdv wkh uvw rughu frqglwlrq=
EB n RMEeM c r
W
M c w EB n RMEeM c r
W
M c w n ^ n ^
_RMEeM c r
W
M c w
_
E  Kn SrWM ’ f
+618,
Xvlqj wkh uvw rughu frqglwlrq iru vhdufk/ htxdwlrq +615, dqg vxevwlwxwlqj iru
wkh ghulydwlyhv zh rewdlq=
EB n RMEeM c r
W
M c w
YsMEeM c r
W
M
YrWM
E+   ^SsMEeM c rWM ’ fc +619,
Htxdwlrq +615, dqg +619, wrjhwkhu ghwhuplqh htxloleulxp vhdufk lqwhqvlwlhv dqg
wkh zdjh1
71 DOPSv dqg xqhpsor|phqw
Lq wklv vhfwlrq zh dqdo|vh wkh hhfwv ri DOPSv rq xqhpsor|phqw1 Wkh *uljkw
dqg gxw|* frqfhsw/ lpso|lqj wkdw diwhu vrph wlph dv xqhpsor|hg hyhu|erg| kdv d
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uljkw wr eh dfwlydwhg/ kdv ehhq lpsohphqwhg lq pruh dqg pruh frxqwulhv gxulqj wkh
qlqhwlhv +iru h{dpsoh/ lq wkh XN/ wkh Qhz Ghdo iru |rxqj shrsoh zdv lpsohphqwhg
lq 4<<; dqg lq Ghqpdun d uhirup zdv lpsohphqwhg lq 4<<7,1 Li zrunhuv uhixvh
wr sduwlflsdwh/ wkh| duh qr orqjhu hqwlwohg wr xqhpsor|phqw ehqhwv1 Khqfh/ zh
dvvxph wkdw rqo| IP0rxwvlghuv vwd| xqhpsor|hg orqj hqrxjk wr ehfrph holjleoh
iru DOPS dqg ixuwkhu/ wkdw qr rqh uhixvhv wr sduwlflsdwh1 Zh dqdo|vh wkh fdvh
zkhuh surshuo| ghvljqhg DOPSv lqfuhdvh wkh vhdufk h!flhqf| ri IP0rxwvlghuv1
Wkh xqlrq zdjh lv qrw dhfwhg dv rqo| wkh vhdufk h!flhqf| ri wkh plqrulw| jurxs
fkdqjhv1
Wkh lpsdfw rq vhdufk lqwhqvlw| iurp kljkhu h!flhqf| lv srvlwlyh li wkh pdujlqdo
jdlq iurp vhdufk lqfuhdvhv1 Iurp htxdwlrq +615, zh kdyh wkdw vhdufk lqwhqvlw|
fkdqjhv zlwk h!flhqf| lq wkh iroorzlqj zd|=
_ru
_eu
’

Y2suEeucru
YruYeu
EB n ^ n RuEeuc ruc w Ys
uEeucru
Yru
YsuEeucru
Yeu
s
w

S
YsuEeucru
Yru
7Eru

+714,
Wkhuh lv d qhjdwlyh dqg d srwhqwldo srvlwlyh hhfw1 Wkh srvlwlyh hhfw dulvhv li
d kljkhu h!flhqf| lqfuhdvhv wkh zrunhu*v pdujlqdo vhdufk h!flhqf| ixqfwlrq/ l1h1
li Y
2suEeucru
YruYeu
: f1 Krzhyhu/ dv vhdufk lv frvwo| lw sd|v/ lq h{shfwhg xwlolw| whupv/
wr uhgxfh vhdufk lqwhqvlw| zkhq h!flhqf| lv kljkhu1 Khqfh wkh qhw hhfw rq wkh
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vhdufk h!flhqf| ixqfwlrq/ suEeuc rWu/ lv dpeljxrxv1
Wkh wrwdo xqhpsor|phqw lpsdfw ri lqfuhdvlqj wkh pdwfk h!flhqf| lv=
_L
_eu
’
_LuE \
_eu
’  E \^
E^ n Ru2
Esueu n s
u
rW
u
_rWu
_eu

s
w +715,
Qrwh wkdw IP0lqvlghuv duh qrw dhfwhg e| wkh fkdqjh lq IP0rxwvlghu*v vhdufk h!0
flhqf| ixqfwlrq/ rqo| wkh xqhpsor|phqw udwh ri IP0rxwvlghuv fkdqjh1 Dq lqfuhdvh
lq vhdufk h!flhqf| kdv d gluhfw qhjdwlyh hhfw rq xqhpsor|phqw dqg dq lqgluhfw
hhfw wkurxjk wkh vhdufk lqwhqvlw|1 Li kljkhu h!flhqf| ohdgv wr dq lqfuhdvh lq
vhdufk lqwhqvlw| wkh wrwdo xqhpsor|phqw hhfw lv xqdpeljxrxvo| qhjdwlyh1 Krz0
hyhu/ li vhdufk lqwhqvlw| ghfuhdvhv wklv kdv d srvlwlyh hhfw rq xqhpsor|phqw/ dqg
wkh xqhpsor|phqw hhfw lv dpeljxrxv1 Wkh qh{w vhfwlrq rhuv vlpxodwlrqv zlwk d
vhdufk h!flhqf| ixqfwlrq/ s Eec rc zkhuh kljkhu h!flhqf| ghfuhdvhv vhdufk dqg
lqfuhdvhv xqhpsor|phqw ri wkh IP0rxwvlghuv1
81 Vlpxodwlrqv
Wkh vlpxodwlrqv duh shuiruphg xvlqj d vhdufk h!flhqf| ixqfwlrq ri wkh irup=
s Eec r ’ r
k/ zkhuh hlwkhu  ru k lv d ixqfwlrq ri e1 Wkh rwkhu yduldeohv duh
jlyhq lq wkh wdeoh ehorz +vhh Ploodug dqg Pruwhqvhq 4<<:,=
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Iluvw frqvlghu wkh fdvh zkhuh  lv d ixqfwlrq ri e dqg k lv d frqvwdqw1 Zlwk
 ’ ? n e/ dqg frqvhtxhqwo| s
u ’ E?u n eur
ku
u c lw fdq eh vkrzq wkdw wkh
pdujlqdo jdlq lqfuhdvhv pruh wkdq wkh pdujlqdo frvw ri vhdufk dv htxdwlrq +714,
uhgxfhv wr=
_ru
_eu
’
S*E?u n eu
7Eru
: f
Lw iroorzv wkdw vhdufk lqwhqvlw| lqfuhdvhv zlwk h!flhqf|/ xqdpeljxrxvo| ohdglqj
wr d orzhu xqhpsor|phqw udwh1
Frqvlghu lqvwhdg wkh fdvh zkhuh erwk  dqg k duh ixqfwlrqv ri h!flhqf|1
Wkh vhdufk h!flhqf| ixqfwlrq kdv wr lqfuhdvh zlwk h!flhqf| dqg vhdufk lqwhqvlw|/
khqfh zh vhw k ’   e/ e 5 Efc 1 Dv ehiruh zh vhw  htxdo wr ? n e1 Wkh
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Lw iroorzv wkdw wkh rswlpdo vhdufk lqwhqvlw| pd| ghfuhdvh zlwk h!flhqf|/ srv0
vleo| ohdglqj wr dq lqfuhdvh lq wkh xqhpsor|phqw udwh1 Zh vhw wkh ydoxhv ri ?
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dqg e lq rughu wr jhw uhdvrqdeoh xqhpsor|phqw udwhv1 Zh ohw ?u ’ f.D dqg
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Htxloleulxp ydoxhv/ zkhq h!flhqf| ri wkh IP0rxwvlghuv lqfuhdvhv zlwk ffD/
duh jlyhq lq wkh wdeoh ehorz=
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Zlwk wkh sdudphwhu ydoxhv jlyhq lq wklv h{dpsoh/ lw iroorzv wkdw wkh pdujlqdo
jdlq iurp lqfuhdvhg vhdufk ghfuhdvhv/ ohdglqj wr d ghfuhdvh lq vhdufk lqwhqvlw| ri
wkh IP0rxwvlghuv1 Wkh wrwdo hhfw rq xqhpsor|phqw lv srvlwlyh1
91 Frqfoxvlrq
Zh kdyh hydoxdwhg wkh hpsor|phqw hhfwv ri DOPSv zkhq wkh| lqfuhdvh vhdufk
h!flhqf| dqg wkh vhdufk lqwhqvlw| ohyho lv hqgrjhqrxv1 Zh h{solflwo| wdnh lqwr
dffrxqw wkdw wkh pdwfklqj surfhvv ghshqgv xsrq erwk wkh h!flhqf| ri vhdufk dqg
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wkh vhdufk lqwhqvlw|1 Lq wkh prgho/ zdjhv duh ghwhuplqhg e| d prqrsro| wudgh
xqlrq1 D xqlrq ohdghu lv hohfwhg e| d pdmrulw| uxoh/ dqg wkh suhihuhqfhv ri wkh
pdmrulw| ghwhuplqhv wkh xqlrq zdjh1 Wkh IP0lqvlghuv frqvwlwxwh wkh pdmrulw|
ri wkh xqlrq1 Rqo| wkh IP0rxwvlghuv h{shulhqfh xqhpsor|phqw orqj hqrxjk wr
ehfrph holjleoh iru DOPSv1 Wklv lpsolhv wkdw wkh xqlrq zdjh lv qrw dhfwhg
e| DOPSv1 Wkh oderxu pdunhw lv fkdudfwhul}hg e| vhdufk iulfwlrq1 Wkh pdwfk
h!flhqf| ixqfwlrq ghshqgv srvlwlyho| xsrq vhdufk h!flhqf| dqg wkh hqgrjhqrxv
vhdufk ohyho1 Zkhq wkh IP0rxwvlghuv* vhdufk h!flhqf| lqfuhdvhv/ wkh| pd| fkrrvh
wr vhdufk pruh ru ohvv1 Dv vhdufk lv frvwo| wkhuh lv d srvvlelolw| wkdw lqfuhdvhg
vhdufk h!flhqf| ohdgv wkh IP0rxwvlghuv wr uhgxfh wkhlu vhdufk lqwhqvlw| wr vdyh
rq frvwv1 Lqfuhdvhg h!flhqf| uhgxfhv xqhpsor|phqw zkhuhdv uhgxfhg vhdufk lq0
whqvlw| lqfuhdvhv xqhpsor|phqw1 Wkh ryhudoo uhvxow pd| eh/ wkdw DOPSv kdyh d
srvlwlyh lpsdfw rq xqhpsor|phqw1 Wkh sdshu surylghv h{dpsohv looxvwudwlqj wkdw
wkh uhvxow ghshqgv xsrq wkh vshflf irup ri wkh pdwfk h!flhqf| ixqfwlrq1
Uhihuhqfhv
^4‘ Eodlu/ G1K1 dqg G1O1 Fudzirug= Oderxu Xqlrq Remhfwlyhv dqg Froohfwlyh
Edujdlqlqj/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 87:0899/ 4<;71
58
^5‘ Emßuq/ Q1K1 dqg W1P1 Shghuvhq= Lqvlghuv dqg Rxwvlghuv lq wkh Gdqlvk Oderxu
Pdunhw/ dq Hpslulfdo Vwxg|/ Zrunlqj Sdshu/ Fhqwuh iru Oderxu Hfrqrplfv/
Ddukxv Vfkrro ri Exvlqhvv dqg Gdqlvk Hfrqrplf Frxqflo1 +4<<5,1
^6‘ Fdkx}df/ H1/ P1 Prxfkduw dqg E1 Ydq Ghu Olqghq= H{dplqlqj wkh hfrqrphw0
ulf uhohydqfh ri glvfuhwl}lqj sdqho gdwd= dq dssolfdwlrq wr wkh Ehojldq oderxu
pdunhw/ Frqihuhqfh Sdshu/ Hxurshdq Xqhpsor|phqw Surjudpph/ +4<<5,1
^7‘ Fodun/ S1I1 dqg N1 Jloehuw= Xqlrq Dgplqlvwudwlyh Sudfwlfhv= D Frpsdudwlyh
Dqdo|vlv/ Mrxuqdo ri Oderxu Uhvhdufk yro14< qr1 4/ 4;<0535/ 4<<;1
^8‘ Fdopiruv/ O1 dqg K1 Odqj= Pdfurhfrqrplf Hhfwv ri Dfwlyh Oderxu Pdunhw
surjudpphv lq d Xqlrq Zdjh0vhwwlqj Prgho/ Wkh Hfrqrplf Mrxuqdo/ 438
+4<<8,/ 93404<1
^9‘ Gdqlvk Jryhuqphqw Vrfldo Frpplvvlrq= Rxw ri Zrun1 Lqfrph Wudqvihuv wr
wkh Plggoh0djhg Jurxs +lq Gdqlvk,/ Frshqkdjhq +4<<5,1
^:‘ Iduehu/ K1V1= Lqglylgxdo Suhihuhqfhv dqg Xqlrq Zdjh Ghwhuplqdwlrq= Wkh
Fdvh ri wkh Xqlwhg Plqh Zrunhuv/ Mrxuqdo ri Srolwlfdo Hfrqrp| yro1;9 qr1
84/ <560<75/ 4<:;1
59
^;‘ Ilojhv/ W1 dqg E1 Oduvhq/ 4<<:/ Dfwlyh Oderxu Pdunhw Srolf| dqg Hqgrjhqrxv
Vhdufk/ Zrunlqj Sdshu qr <;034:/ Fhqwuh iru Oderxu Pdunhw dqg Vrfldo
Uhvhdufk/ ¨ukxv Xqlyhuvlw|1
^<‘ Kropoxqg/ E1 dqg M1 Olqgìq= Mre Pdwfklqj/ Whpsrudu| Sxeolf Hpsor|0
phqw/ dqg Htxloleulxp Xqhpsor|phqw/ Mrxuqdo ri Sxeolf Hfrqrplfv/ 84
+4<<6,/ 65<0761
^43‘ Ndxipdq/ E1H1= Wkh Hduo| Lqvwlwxwlrqdolvwv rq Lqgxvwuldo Ghprfudf| dqg
Xqlrq Ghprfudf|/ Mrxuqdo ri Oderxu Uhvhdufk yro1 54 qr1 5/ 4;<053</ 53331
^44‘ Oduvhq/ E1= PlqlpxpZdjhv/ Whfkqrorjlfdo Surjuhvv dqg Orvv ri Vnloo/ Iruwk0
frpplqj lq Hxurshdq Hfrqrplf Uhylhz1
^45‘ Pduwlq/ M1S1 Zkdw zrunv dprqj dfwlyh oderxu pdunhw srolflhv= hylghqfh iurp
RHFG frxqwulhv1 RHFG Oderxu Pdunhw dqg Vrfldo Srolf|/ Rffdvlrqdo Sdshuv
qr1 681
^46‘ Olqgehfn D1 dqg G1 Vqrzhu= Zdjh0vhwwlqj/ Xqhpsor|phqw dqg Lqvlghu0
rxwvlghu Uhodwlrqv1 DHD Sdshuv dqg Surfhhglqjv/ 568056</ 4<;91
^47‘ Ploodug/ V1S1 dqg G1W1 Pruwhqvhq/ 4<<:1 Wkh xqhpsor|phqw dqg zhoiduh hi0
ihfwv ri oderxu pdunhw srolf|= D frpsdulvrq ri wkh XVD dqg XN/ lq G1 Vqrzhu
5:
dqg J1 gh od Ghkhvd +hgv1,/ Xqhpsor|phqw Srolf|= Jryhuqphqw Rswlrqv iru
wkh Oderxu Pdunhw +R{irug Xqlyhuvlw| Suhvv,1
^48‘ Wkh RHFG Hpsor|phqw Rxworrn1 Sdulv +4<<6,1
^49‘ Shghuvhq/ Shghu M dqg Qlhov ZhvwhujŁug0Qlhovhq1= Xqhpsor|phqw= D Uhylhz
ri wkh Hylghqfh iurp Sdqho Gdwd/ RHFG Hfrqrplf Vwxglhv 53/ 980447/ 4<<6
^4:‘ Slvvdulghv/ F1 D1= Htxloleulxp xqhpsor|phqw Wkhru|/ Eodfnzhoo +4<<3,1
^4;‘ Vdqgyhu/ P1K1 dqg N1M1 Uhdg|= Wuhqgv lq dqg ghwhuplqdqwv ri Rxwfrphv lq
Pxowl0xqlrq Fhuwlfdwlrq Hohfwlrqv/ Mrxuqdo ri Oderxu Uhvhdufk yro14< qr1 4/
49804:6/ 4<<;1
5;
